Responses of an herbaceous community to wild boar (Sus scrofa coreanus Heude) disturbance in a Quercus mongolica forest at Mt.
INTRODUCTION
Disturbance functions as an essential element for increasing temporal and spatial heterogeneity and maintaining species diversity in the ecosystem (Lee and Cho 1999, Tierney and Cushman 2006) . Herbaceous plants distributed in a forest show the quickest response to micro-environmental differences caused by disturbance in the ecosystem, and disturbance exerts a direct influence on the growth and biomass of these plants (Kim 1997) .
In Korea, tigers and leopards are extinct due to population growth and industrialization following Japanese imperialistic rule, and bears, goats and musk deer distributed in some areas are now facing extinction (Kim et al. 1998) . The wild boar (Sus scrofa coreanus) is a species which belongs to the Sus scrofa family of Artiodactyla and is a large mammal common in South Korea. Wild boars are prolific and have strong recuperative powers allowing them to survive hunting and natural predators (Choi and Choi 2008) . Recently, it was revealed that wild animals are quickly proliferating due to improved environmental preservation and regulation of poaching; and as a result, damage by wild boar is gradually increasing in the areas surrounding national parks (Yoon 2007) . Moody and This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Jones (2000) found that in Santa Cruz California the soil's pH, soil moisture content, nitrate and carbon content are more closely related to the distance of the center of trees than by the wild boar's disturbance. Groot Buinderink and Hazebroek (1996) discovered that in the Netherlands' deciduous coniferous forests wild boar did not affect the soil's pH, organic content and nitrate content, or the growth of plant. Gómez and Hódar (2008) found that in Spain wild boar's foraging reduces the survival rate of seeds in a forest. Tierney and Cushman (2006) demonstrated that when California's grassland was disturbed by wild boar, species richness and coverage of the introduced species increased rapidly in the earlier stage, but those of endemic species increased gradually in the later stage. Milton et al. (1997) discovered that in the central Germany small-scale ground disturbance reduces species richness and diversity of plants. From an analysis of stomach contents of wild boar captured in the island Sardinia of Italy, Pinna et al. (2007) identified its primary diet consisted of acorn and centipede. In western Eurasia the population density of wild boar is more closely related to the climate than to its natural predator, the wolf; this suggests that the distribution and population density of wild boar could be changed by climate warming (Melis et al. 2006) . Further, it is known that wild boar's territorial range is proportional to its weight (Kim et al. 1998 ).
In the forest ecosystem the ground disturbance by the wild boar's foraging activity forms pits, mounds, and plains. It also changes micro-environments including the thickness and amount of fallen leaves, soil temperature, and water content (Lee and Cho 1999, Pinna et al. 2007 ). The changes of micro-environments on the ground will cause differences of the dominance among plants which thrive in those environments. It is predicted that the different temporal and spatial changes on the herbaceous vegetation are triggered by many factors, including the structure of vegetation before disturbance, the period of wild boar's disturbance, the position of slope, and wild boar's population movement. The following must be investigated to understand the how increasing wild boar populations will effect Korea's forest ecosystem: (1) wild boar's behavior, (2) the environmental condition of wild boar's habitat, (3) wild boar's diet, and (4) the interaction of wild boar and other living things.
In order to understand the influence of the wild boar on the herbaceous layers in the forest ecosystem, this research identified a disturbance regime by wild boar that changes temporally and spatially, influences of wild boar's disturbance to the micro-environment, and the response of the herbaceous community in a mature Quercus mongolica forest at Mt. Jeombong.
MATERIALS AND METHODS

Description of the study site
Mt. Jeombong is located at the southern end of Soraksan National Park, the administrative boundary line of Jindong-ri and Gwidoon-ri of Girin-myeon, and Oga-ri of Seo-myeon, of Inje-gun, Gangwon-do (E 128°25'-30', N 38°0'-5') ( Fig. 1) . In 1982 Mt. Jeombong was designated as part of the Sorak Biosphere Reserve by the UNESCO' Man and Biosphere Project together with Mt. Sorak. In addition, Mt. Jeombong is designated as a reserved forest for the protection of genetic resources (Kim et al. 1998) . In Mt. Jeombong a mature Q. mongolica forest is distributed widely and long-term ecological monitoring has been conducted since 2004 (Hong 2005) . The investigation site is located at a permanent plot for the longterm ecological research of mature Q. mongolica forest. The GPS position of investigation plot is N 38°02'10.3" and E 128°26'11.1". It is located from 1,000 to 1,100 meters above sea level. Its slope ranges from 14° to 38° and consists of the south-slope, the mountain ridge and the north-slope aspect.
Methods
We extended the permanent plot (1 ha) previously built for the long-term ecological monitoring in 2004 and installed a permanent plot for the investigation which has a total area of 1.6 ha. The permanent plot is divided into sub-quadrat (20 m × 20 m) and micro-quadrat (10 m × 10 m). In order to characterize the wild boar's in the permanent plot, we investigated the size and depth of 
